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(54) TEMPERATURE-BASED SUPPRESSION OF SPURIOUS ICE SIGNALS

(57) An ice protection system for an aircraft includes
an ice detector (16) disposed in an external aircraft sur-
face, a temperature sensor (126), and a controller (102).
The ice detector includes an ice sensor (130). The con-
troller includes an icing threshold module (118) which
receives a temperature measurement from the temper-
ature sensor, receives an ice accretion signal from the

ice sensor, compares the temperature measurement to
an icing threshold temperature, and determines whether
the temperature measurement is above the icing thresh-
old temperature. The controller suppresses an icing con-
ditions alert if the temperature measurement exceeds
the icing threshold temperature.
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Description

BACKGROUND

[0001] The present invention relates generally to ice
detection systems and specifically to verifying the accu-
racy of ice accretion signals produced by aircraft ice de-
tectors.
[0002] Certain ice detectors can generate outputs
which resemble icing signals in particular orientations
and weather conditions. Activating the aircraft’s de-icing
systems in circumstances where icing conditions are not
actually present can lead to wasted energy and higher
costs.

SUMMARY

[0003] According to one aspect of the invention, an ice
detection system for an aircraft includes an ice detector
disposed in an external aircraft surface, a temperature
sensor, and a controller. The ice detector includes an ice
sensor. The controller includes an icing threshold module
which is configured to receive a temperature measure-
ment from the temperature sensor. The icing threshold
module is further configured to receive an ice accretion
signal from the ice sensor. The icing threshold module
is further configured to compare the temperature meas-
urement to an icing threshold temperature. The icing
threshold module is further configured to determine
whether the temperature measurement is above the icing
threshold temperature. The controller is configured to
suppress an icing conditions alert if the temperature
measurement is above the icing threshold temperature.
[0004] According to another aspect of the invention, a
method of verifying ice accretion signals from an ice de-
tector of an aircraft includes selecting, with an input de-
vice of a controller, an icing threshold temperature. A
communication unit of the controller communicates the
icing threshold temperature to an icing threshold module
of the controller. The communication unit receives an ice
accretion signal from an ice sensor of the ice detector
and a temperature measurement from a temperature
sensor of the aircraft. The communication unit commu-
nicates the ice accretion signal and the temperature
measurement to the icing threshold module. The icing
threshold module compares the temperature measure-
ment to the icing threshold temperature. The icing thresh-
old module determines if the temperature measurement
is above the icing threshold temperature. The controller
suppresses an icing conditions alert if the temperature
measurement is above the icing threshold temperature.
[0005] According to yet another aspect of the invention,
a controller for an ice detection system of an aircraft in-
cludes a processor, a memory unit, an alert module, an
input device, an output device, an icing threshold module,
and a communication unit. The alert module is configured
to receive an ice accretion signal from an ice sensor of
an ice detector. The alert module is further configured to

generate an icing conditions alert upon receiving the ice
accretion signal. The input device is configured to select
an icing threshold temperature. The output device is con-
figured to display the icing conditions alert. The icing
threshold module is configured to receive a temperature
measurement from a temperature sensor of the aircraft.
The icing threshold module is further configured to re-
ceive an ice accretion signal from an ice sensor of the
ice detector. The icing threshold module is further con-
figured to determine whether the temperature measure-
ment is above the icing threshold temperature. The com-
munication unit is configured to communicate with the
processor, the memory unit, the alert module, the input
device, the output device, and the icing threshold module.
The controller is configured to suppress the icing condi-
tions alert if the temperature measurement is above the
icing threshold temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a simplified perspective view of a portion
of an aircraft.
FIG. 2 is a perspective view of an ice detector.
FIG. 3 is a schematic cross-sectional view of the ice
detector of FIG. 2.
FIG. 4 is a graph of the frequency shift of the ice
detector as illustrated in FIGS. 2-3 undergoing cycles
of ice accretion and heating.
FIG. 5 is a system logic diagram of an ice protection
system.
FIG. 6 is a system diagram illustrating modules of a
controller that interfaces with the ice detector of FIG.
2.
FIG. 7 is a flowchart illustrating a method of verifying
icing signals generated by an ice detector.

[0007] While the above-identified figures set forth one
or more embodiments of the present disclosure, other
embodiments are also contemplated, as noted in the dis-
cussion. In all cases, this disclosure presents the inven-
tion by way of representation and not limitation. The fig-
ures may not be drawn to scale, and applications and
embodiments of the present invention may include fea-
tures and components not specifically shown in the draw-
ings.

DETAILED DESCRIPTION

[0008] Ice detection systems, such as magnetostric-
tive probe ice detectors, allow for icing conditions to be
reliably detected and measured in most circumstances.
However, there is a need for verifying signals suggesting
icing conditions which are generated by these ice detec-
tion systems in some environmental conditions and
mounting orientations. An algorithm can use input data
from the temperature sensor present in the ice detector
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to determine whether icing conditions are likely to be
present, allowing icing conditions signals to be distin-
guished from similar signals without altering the hard-
ware of the probe or surrounding systems.
[0009] FIG. 1 is a simplified perspective view of a for-
ward portion of aircraft 10. Aircraft 10 includes engine
12, wing 14, and ice detector 16. Engine 12 includes en-
gine cowl 18. Wing 14 includes external wing surface 20,
which includes bottom wing surface 22.
[0010] In the illustrated example, ice detector 16 is a
probe ice detector located on the bottom of wing 14 such
that the probe section of ice detector 16 is in contact with
airflow passing underneath wing 14. Ice detector 16 can
be any ice detector which is capable of detecting when
icing conditions are encountered by aircraft surfaces
such as wing 14, and can in some examples be a mag-
netostrictive ice detector. Other ice detectors 16 can be
located on other external surfaces of the aircraft, such
as engine cowl 18, another surface of the nacelle of en-
gine 12, on the side of the nose behind the cockpit win-
dows, or at another location on the fuselage.
[0011] Ice detector 16 is installed at an orientation se-
lected to permit detection of ice conditions on wing 14 or
other parts of the aircraft. Under certain circumstances,
water runoff along ice detector 16 can produce a signal
which resembles an icing conditions signal. The present
application contemplates an approach to further distin-
guish between icing conditions signals and signals gen-
erated under other circumstances.
[0012] FIG. 2 is a perspective view of ice detector 16
oriented along axis A-A. In the example shown in FIG.
2, ice detector 16 includes probe 24, strut 26, mounting
plate 28, and electronics housing 30. Probe 24 includes
distal end 32.
[0013] Probe 24 extends from strut 26 along axis A-A,
and strut 26 is disposed between probe 24 and mounting
plate 28. Probe 24 can be at least partially composed of
a ferromagnetic material. Probe 24 can have an approx-
imately cylindrical shape and can taper to a rounded point
at distal end 32 of probe 24. Strut 26 can have a wider
diameter than probe 24 in at least one direction, and in
some examples can have an approximately teardrop or
airfoil shape. Mounting plate 28 can extend radially out-
ward with respect to axis A-A and can have an approxi-
mate shape of a flat disk. Electronics housing 30 extends
along axis A-A and can have an approximately cylindrical
shape. As described in more detail below, strut 26 and
electronics housing 30 can surround and contain elec-
tronic components of ice detector 16.
[0014] Ice detector 16 can be configured to be installed
in the external surface of aircraft 10. This external surface
can be wing 14. Mounting plate 28 can be configured to
secure ice detector 16 to the external surface of aircraft
10 in which ice detector 16 is disposed. In the example
shown in FIG. 2, mounting plate 28 includes mounting
holes through which screws, bolts, or other suitable con-
nectors can be inserted to connect ice detector 16 to an
external surface of aircraft 10. In examples where ice

detector 16 does not include a probe, ice detector 16 can
be mounted flush to the surface of aircraft 10.
[0015] FIG. 3 is a schematic partial cross-sectional
view of ice detector 16. In the example shown in FIG. 3,
ice detector 16 includes probe 24 with distal end 32, strut
26, mounting plate 28, electronics housing 30, drive coil
34, feedback coil 36, strut heaters 38, and probe heater
40.
[0016] Drive coil 34 and feedback coil 36 can surround
the base of probe 24. Feedback coil 36 can be situated
about probe 24 such that feedback coil 36 is between
drive coil 34 and distal end 32. Drive coil 34 and feedback
coil 36 can form part of an oscillation circuit within ice
detector 16. Strut heaters 38 can extend along strut 26
in a direction aligned with axis A-A (shown in FIG. 2).
Probe heater 40 can extend along the outer surface of
probe 24.
[0017] During operation, probe 24 vibrates in the di-
rection of double-ended arrow V. The vibration of probe
24 is caused by drive coil 34, which drives probe 24 to
vibrate at a set frequency. Feedback coil 36 collects vi-
bration data from probe 24 and can communicate this
vibration data to an ice sensor (not shown in FIG. 3). As
described in more detail below, the frequency shift ex-
perienced by probe 24 allows ice detector 16 to detect
icing conditions. When ice accretes on probe 24, strut
heaters 38 and probe heater 40 can be activated to re-
move the ice. In some examples, the ice detector does
not include an oscillation circuit and utilizes different ice
sensing techniques (that is, non-magnetostrictive ice
sensing techniques).
[0018] FIG. 4 is a graph of the frequency shift of ice
detector 16 (illustrated in FIGS. 2-3) undergoing cycles
of ice accretion and heating. Frequency shift line F in-
cludes frequency shift minimum points Fmin and frequen-
cy shift maximum points Fmax.
[0019] As described above in reference to FIGS. 2-3,
ice detector 16 can be a magnetostrictive ice detector
containing a ferromagnetic material which changes di-
mension in the presence of a fluctuating electromagnetic
field. Drive coil 34 causes probe 24 to vibrate at a set
resonant frequency. As ice accretes on probe 24, the
vibrational frequency decreases, and the frequency shift
(the difference between the set resonant frequency and
the experienced vibrational frequency) accordingly in-
creases. A frequency shift maximum can be selected,
and when probe 24 reaches the frequency shift maximum
(shown by frequency shift maximum points Fmax), an ice
accretion signal can be generated and strut heaters 38
and probe heater 40 can be used to remove the ice from
probe 24. After the ice is removed, strut heaters 38 and
probe heater 40 are switched off. Probe 24 cools to the
total air temperature and reaches the frequency shift min-
imum (shown by frequency shift minimum points Fmin)
by returning to the set resonant frequency driven by drive
coil 34. The ice accretion signals can be used to count
the number and length of these ice accretion and heating
cycles in order to provide information about environmen-

3 4 



EP 4 306 421 A1

4

5

10

15

20

25

30

35

40

45

50

55

tal conditions to the cockpit.
[0020] FIG. 5 is a system logic diagram of ice protection
system 100. Ice protection system 100 includes ice de-
tectors 16, controller 102, cockpit annunciation system
104, engine cowl de-icing system 106, and wing de-icing
system 108.
[0021] Ice detectors 16 can be disposed within surfac-
es of the aircraft such as the engine cowl, fuselage, or
wing. When one of ice detectors 16 accretes enough ice
to undergo a specified frequency shift (as described
above in reference to FIG. 4), an icing conditions signal
can be sent from that ice detector 16 to controller 102.
Controller 102 can verify the icing conditions signal using
an icing threshold module (such as icing threshold mod-
ule 118, described below in reference to FIG. 6). Con-
troller 102 can then suppress or send an icing conditions
alert to cockpit annunciation system 104, as well as en-
gine cowl de-icing system 106 and/or wing de-icing sys-
tem 108. Cockpit annunciation system 104 can be con-
figured to display an alert message, emit an audible re-
peating or non-repeating signal, or otherwise inform a
person in the cockpit of the icing conditions which have
been detected by ice detector(s) 16. Engine cowl de-icing
system 106 and wing de-icing system 108 can be selec-
tively activated based on the number and frequency of
ice accretion cycles as shown in FIG. 4. In some exam-
ples, engine cowl de-icing system 106 and/or wing de-
icing system 108 can be activated by input from the cock-
pit which is processed by controller 102.
[0022] FIG. 6 is a system diagram illustrating modules
of controller 102 that interfaces with ice detection system
110. Controller 102 includes processor(s) 112, commu-
nication unit(s) 114, memory unit(s) 116, icing threshold
module 118, input device(s) 120, output device(s) 122,
and alert module 124. Ice detection system 110 can in-
clude one or more ice detectors 16 (shown in FIGS. 2-3).
Ice detector(s) 16 can include temperature sensor(s)
126, oscillation circuit(s) 128, and ice sensor(s) 130.
While controller 102 is illustrated separately from ice de-
tection system 110 for clarity, controller 102 can be a
component of ice detection system 110. Ice detection
system 110 can additionally include an external aircraft
surface, such as external wing surface 20, engine cowl
18, another surface of the nacelle of engine 12, or the
fuselage surface (shown in FIG. 1).
[0023] As described above, controller 102 can include
processor 112, communication unit 114, memory unit
116, input device 120, and output device 122. In some
examples, controller 102 can include multiple processors
112, communication units 114, memory units 116, input
devices 120, and/or output devices 122. In other exam-
ples, one or more of processor 112, communication unit
114, memory unit 116, icing threshold module 118, input
device 120, output device 122, and alert module 124 can
be externally located to controller 102. Controller 102 can
additionally include more components, such as a power
source. It should be understood that, while reference is
made to a single controller 102 for clarity, in some exam-

ples there can be multiple controllers 102 and/or multiple
systems (which can include redundancies) which make
up a single controller 102. Additionally, while the compo-
nents of controller 102 are described below as discrete
parts, any of the disclosed components can form a sub-
component of the other disclosed components or can
otherwise be combined. In some examples, controller
102 is a component of ice detector 16 and can be em-
bedded partially or entirely within ice detector 16 (such
that some or all of the components of controller 102 are
also part of ice detector 16).
[0024] Processor 112 can be configured to implement
functionality and/or process instructions for execution
within controller 102. For example, processor 112 can
be capable of processing instructions stored in memory
unit 116. Processor 112 can be any one or more of a
microprocessor, a digital signal processor (DSP), an ap-
plication specific integrated circuit (ASIC), a field-pro-
grammable gate array (FGPA), or other equivalent dis-
crete or integrated logic circuitry. In some examples,
processor 112 can be configured to calculate an icing
threshold temperature, above which icing conditions are
unlikely to occur. Processor 112 can calculate this icing
threshold temperature using one or more environmental
and operational parameters. The calculation of the icing
threshold temperature can include an offset value of the
expected residual heat experienced by temperature sen-
sor 126. This residual heat can be from electronics within
or near temperature sensor 126. The calculation of the
icing threshold temperature can additionally and/or alter-
natively include the total air temperature experienced by
temperature sensor 126. Airflow has an amount of kinetic
energy which can vary based on the speed of the airflow
relative to the aircraft, and the total air temperature in-
corporates this kinetic energy value. The calculation of
the icing threshold temperature can additionally and/or
alternatively include a known or expected tolerance of
the temperature sensor.
[0025] Controller 102 can also include communication
unit 114. Controller 102 can utilize communication unit
114 to communicate with other components of controller
102 and external devices via one or more networks, such
as one or more wireless and/or wired networks. Commu-
nication unit 114 can be a network interface card, such
as an Ethernet card, an optical transceiver, a radio fre-
quency transceiver, or any other type of device that can
send and receive information. For example, communica-
tion unit 114 can be a radio frequency transmitter dedi-
cated to Bluetooth or WiFi bands or commercial networks
such as GSM, UMTS, 3G, 4G, 5G, and others. Alterna-
tively, communication unit 114 can be a Universal Serial
Bus (USB) or can utilize ARINC, CAN Bus, or RS-485
protocols.
[0026] Memory unit 116 can be configured to store in-
formation within controller 102 during operation. Memory
unit 116, in some examples, is described as a computer-
readable storage medium. In some examples, a compu-
ter-readable storage medium can include a non-transi-
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tory medium. The term "non-transitory" can indicate that
the storage medium is not embodied in a carrier wave or
a propagated signal. In certain examples, a non-transi-
tory storage medium can store data that can, over time,
change (e.g., in RAM or cache). In some examples, mem-
ory unit 116 is a temporary memory, meaning that a pri-
mary purpose of memory unit 116 is not long-term stor-
age. Memory unit 116, in some examples, is described
as volatile memory, meaning that memory unit 116 does
not maintain stored contents when power to controller
102 is turned off. Examples of volatile memories can in-
clude random access memory (RAM), dynamic random
access memory (DRAM), static random access memory
(SRAM), and other forms of volatile memory. In some
examples, memory unit 116 is used to store program
instructions for execution by processor 112.
[0027] Memory unit 116 can be configured to store
larger amounts of information than volatile memory.
Memory unit 116 can further be configured for long-term
storage of information. In some examples, memory unit
116 includes non-volatile storage elements. Examples
of such non-volatile storage elements can include mag-
netic hard discs, optical discs, flash memory, or forms of
erasable programmable read-only memory (EPROM) or
electrically erasable programmable read-only (EEP-
ROM) memory.
[0028] Icing threshold module 118 can be an algorithm
or other software program which can analyze input data
about the temperature and vibrational frequency of probe
24 in order to verify or suppress icing conditions alerts.
In some examples, icing threshold module 118 can be
configured to receive a selected icing threshold temper-
ature from a component of controller 102, such as input
device 120. Icing threshold module 118 can be config-
ured to receive temperature measurements from tem-
perature sensor 126 and ice accretion signals from ice
sensor 130. Icing threshold module 118 can be further
configured to compare the temperature measurement to
the icing threshold temperature and determine if the tem-
perature measurement is above the icing threshold tem-
perature. Controller 102 can be configured to suppress
an icing conditions alert if the temperature measurement
is above the icing threshold temperature. Conversely,
controller 102 can allow the icing conditions alert to be
communicated to alert module 124 if the temperature
measurement is at or below the icing threshold temper-
ature.
[0029] Input device 120 can include a mouse, a key-
board, a microphone, a camera device, a presence-sen-
sitive and/or touch-sensitive display, or other type of de-
vice configured to receive input from a user. Input device
120 can, in some examples, be configured to allow a user
to select an icing threshold temperature. Output device
122 can include a display device, a sound card, a video
graphics card, a speaker, a liquid crystal display (LCD),
a light emitting diode (LED) display, an organic light emit-
ting diode (OLED) display, or other type of device for
outputting information in a form understandable to users

or machines. Output device 122 can form part of cockpit
annunciation system 104 (described above in reference
to FIG. 5).
[0030] Alert module 124 can be hardware- or software-
based. In some examples, alert module can be a software
program which is configured to communicate and/or dis-
play alerts.
[0031] Temperature sensor 126 can be a sensor which
is situated and configured to measure the temperature
experienced by probe 24. In the example depicted in FIG.
6, temperature sensor 126 is a component of ice detector
16. In other examples, temperature sensor 126 can be
located within or adjacent to probe 24, within strut 26 or
electronics housing 30, or completely external to ice de-
tector 16. For examples where temperature sensor 126
is external to and separately located from ice detector
16, ice detector 16 can be configured to receive the air-
craft temperature sensor signal from an aircraft data bus
and use that temperature measurement to determine
whether to suppress the icing conditions signal.
[0032] Oscillation circuit 128 can include drive coil 34
and feedback coil 36 (both described above in reference
to FIG. 3). Oscillation circuit 128 drives probe 24 to vibrate
at a set resonant frequency. Ice sensor 130 is a suitable
means for sensing or measuring one or more parameters
which can indicate the presence of icing conditions. In
examples where ice detector 16 is a probe ice detector,
ice sensor 130 can be a sensor which is configured to
receive vibration data from feedback coil 36 within oscil-
lation circuit 128. As described above in reference to FIG.
4, the frequency shift of probe 24 can indicate ice accre-
tion on probe 24. Ice sensor 130 can generate an ice
accretion signal if the frequency shift of probe 24 reaches
a set point (such as frequency shift maximum point Fmax,
described above in reference to FIG. 4).
[0033] As described in more detail below, the compo-
nents of controller 102 can be configured to verify and/or
suppress icing conditions alerts generated when ice sen-
sor 130 of ice detector 16 detects a shift in the vibrational
frequency of probe 24.
[0034] FIG. 7 is a flowchart illustrating method 200 of
verifying icing signals generated by an ice detector. Meth-
od 200 includes steps 202-214.
[0035] In step 202, an input device (such as input de-
vice 120, described above in reference to FIG. 6) selects
an icing threshold temperature, above which icing con-
ditions alerts can be suppressed. This selection can be
done automatically or manually, and can be selected
based on one or more user inputs or calculated with ex-
pected parameters, or the threshold could be fixed as
part of the design. As described above in reference to
FIG. 6, these parameters can include the accuracy and
tolerance range of temperature sensor 126, an offset to
account for residual heat from electronics (which de-
pends on the location of ice detector 16 on aircraft 10),
and total temperature effects to account for the kinetic
energy of the airflow. Alternatively, this selection of an
icing threshold temperature can be done with icing
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threshold module 118 directly.
[0036] In step 204, a communication unit (such as com-
munication unit 114, described above in reference to FIG.
6) communicates the icing threshold temperature select-
ed in step 202 to an icing threshold module (such as icing
threshold module 118, described above in reference to
FIG. 6). This can be performed through the use of one
or more wired or wireless networks.
[0037] In step 206, the communication unit receives
an ice accretion signal from an ice sensor within an ice
detector (such as ice sensor 130 within ice detector 16,
described above in reference to FIG. 3) when icing con-
ditions are detected. For a magnetostrictive probe ice
detector, icing conditions are detected when the vibra-
tional frequency of the probe shifts by a selected amount.
The communication unit further receives a temperature
measurement from a temperature sensor (such as tem-
perature sensor 126, described above in reference to
FIG. 3). This temperature measurement can be the total
air temperature experienced by the ice detector.
[0038] In step 208, the communication unit communi-
cates the ice accretion signal and the temperature meas-
urement to the icing threshold module. This can be per-
formed in the same manner as step 204, or another suit-
able communication method.
[0039] In step 210, the icing threshold module com-
pares the temperature measurement received in step
208 to the icing threshold temperature selected in step
202. This can be performed using conventional calcula-
tion methods.
[0040] In step 212, the icing threshold module deter-
mines if the temperature measurement received in step
208 is above the icing threshold temperature.
[0041] In step 214, an icing conditions alert can be sup-
pressed if the icing threshold module determines that the
temperature measurement is above the icing threshold
temperature. Generally, an icing conditions alert can be
communicated to the cockpit if ice accretion is detected
on the probe by the ice sensor. However, if the temper-
ature experienced by the probe is above the icing thresh-
old temperature, it is unlikely that icing conditions are
present and the icing conditions alert can therefore be
suppressed before it is communicated to the cockpit. The
suppression of the icing conditions alert can be per-
formed by one or more components of controller 102,
such as alert module 124, output device 122, and/or icing
threshold module 118. The icing conditions alert can be
suppressed after it is generated (i.e., suppressed in tran-
sit) or can be suppressed by not being generated.
[0042] An ice detector as described herein provides
numerous advantages. An icing threshold module for use
with an ice detector can help to verify ice accretion sig-
nals. This can decrease the number of spurious icing
signals, decrease energy usage and costs associated
with running de-icing systems, and increase user confi-
dence in the ice detection system.

Discussion of Possible Embodiments

[0043] The following are non-exclusive descriptions of
possible embodiments of the present invention.
[0044] An ice detection system for an aircraft includes
an ice detector disposed in an external aircraft surface,
a temperature sensor, and a controller. The ice detector
includes an ice sensor. The controller includes an icing
threshold module which is configured to receive a tem-
perature measurement from the temperature sensor.
The icing threshold module is further configured to re-
ceive an ice accretion signal from the ice sensor. The
icing threshold module is further configured to compare
the temperature measurement to an icing threshold tem-
perature. The icing threshold module is further configured
to determine whether the temperature measurement is
above the icing threshold temperature. The controller is
configured to suppress an icing conditions alert if the tem-
perature measurement is above the icing threshold tem-
perature.
[0045] The ice detection system of the preceding par-
agraph can optionally include, additionally and/or alter-
natively, any one or more of the following features, con-
figurations, and/or additional components:
[0046] An ice detection system for an aircraft according
to an exemplary embodiment of this disclosure, among
other possible things includes an ice detector disposed
in an external aircraft surface, a temperature sensor, and
a controller. The ice detector includes an ice sensor. The
controller includes an icing threshold module which is
configured to receive a temperature measurement from
the temperature sensor. The icing threshold module is
further configured to receive an ice accretion signal from
the ice sensor. The icing threshold module is further con-
figured to compare the temperature measurement to an
icing threshold temperature. The icing threshold module
is further configured to determine whether the tempera-
ture measurement is above the icing threshold temper-
ature. The controller is configured to suppress an icing
conditions alert if the temperature measurement is above
the icing threshold temperature.
[0047] A further embodiment of the foregoing ice de-
tection system, wherein the external aircraft surface is
an external wing surface.
[0048] A further embodiment of any of the foregoing
ice detection systems, wherein the external wing surface
is a bottom external wing surface and the ice detector
extends downward and away from the bottom external
wing surface.
[0049] A further embodiment of any of the foregoing
ice detection systems, wherein the external aircraft sur-
face is selected from the group comprising: an external
fuselage surface, an external engine nacelle surface, and
an internal engine nacelle surface.
[0050] A further embodiment of any of the foregoing
ice detection systems, wherein the ice detector is a mag-
netostrictive probe ice detector.
[0051] A further embodiment of any of the foregoing
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ice detection systems, wherein the icing threshold mod-
ule is further configured to receive the icing threshold
temperature from an input device.
[0052] A further embodiment of any of the foregoing
ice detection systems, wherein the temperature sensor
is a component of the ice detector.
[0053] A further embodiment of any of the foregoing
ice detection systems, wherein the ice detector is a probe
ice detector further comprising a probe extending away
from the external aircraft surface.
[0054] A further embodiment of any of the foregoing
ice detection systems, wherein the ice detector further
comprises a mounting plate, a strut from which the probe
extends, and an oscillation circuit. The mounting plate is
adjacent to the external aircraft surface and secures the
ice detector to the external aircraft surface. The strut is
situated between the probe and the mounting plate. The
oscillation circuit is situated within the ice detector.
[0055] A further embodiment of any of the foregoing
ice detection systems, wherein the external aircraft sur-
face is a bottom external wing surface and the probe
extends downward and away from the bottom external
wing surface.
[0056] A further embodiment of any of the foregoing
ice detection systems, wherein the controller is a com-
ponent of the ice detector.
[0057] A method of verifying ice accretion signals from
an ice detector of an aircraft includes selecting, with an
input device of a controller, an icing threshold tempera-
ture. A communication unit of the controller communi-
cates the icing threshold temperature to an icing thresh-
old module of the controller. The communication unit re-
ceives an ice accretion signal from an ice sensor of the
ice detector and a temperature measurement from a tem-
perature sensor of the aircraft. The communication unit
communicates the ice accretion signal and the temper-
ature measurement to the icing threshold module. The
icing threshold module compares the temperature meas-
urement to the icing threshold temperature. The icing
threshold module determines if the temperature meas-
urement is above the icing threshold temperature. The
controller suppresses an icing conditions alert if the tem-
perature measurement is above the icing threshold tem-
perature.
[0058] The method of the preceding paragraph can op-
tionally include, additionally and/or alternatively, any one
or more of the following features, configurations, and/or
additional components:
A method of verifying ice accretion signals from an ice
detector according to an exemplary embodiment of this
disclosure, among other possible things includes select-
ing, with an input device of a controller, an icing threshold
temperature. A communication unit of the controller com-
municates the icing threshold temperature to an icing
threshold module of the controller. The communication
unit receives an ice accretion signal from an ice sensor
of the ice detector and a temperature measurement from
a temperature sensor of the aircraft. The communication

unit communicates the ice accretion signal and the tem-
perature measurement to the icing threshold module.
The icing threshold module compares the temperature
measurement to the icing threshold temperature. The ic-
ing threshold module determines if the temperature
measurement is above the icing threshold temperature.
The controller suppresses an icing conditions alert if the
temperature measurement is above the icing threshold
temperature.
[0059] A further embodiment of the foregoing method,
wherein selecting, with the input device, the icing thresh-
old temperature comprises calculating, with a processor
of the controller, the icing threshold temperature using
at least one of an offset value of expected residual heat
experienced by the temperature sensor, a total air tem-
perature experienced by the temperature sensor due to
a kinetic energy of airflow, and a tolerance of the tem-
perature sensor.
[0060] A further embodiment of any of the foregoing
methods, wherein the icing threshold value is selected
by a user and entered into the input device.
[0061] A further embodiment of any of the foregoing
methods, wherein suppressing the icing conditions alert
comprises communicating, with the communication unit,
to an alert module of the controller that the temperature
measurement is above the icing threshold measurement
and that icing conditions are not present.
[0062] A further embodiment of any of the foregoing
methods, further comprising sending an icing conditions
alert to an alert module of the controller if the temperature
measurement is below the icing threshold measurement.
[0063] A controller for an ice detection system of an
aircraft includes a processor, a memory unit, an alert
module, an input device, an output device, an icing
threshold module, and a communication unit. The alert
module is configured to receive an ice accretion signal
from an ice sensor of an ice detector. The alert module
is further configured to generate an icing conditions alert
upon receiving the ice accretion signal. The input device
is configured to select an icing threshold temperature.
The output device is configured to display the icing con-
ditions alert. The icing threshold module is configured to
receive a temperature measurement from a temperature
sensor of the aircraft. The icing threshold module is fur-
ther configured to receive an ice accretion signal from an
ice sensor of the ice detector. The icing threshold module
is further configured to determine whether the tempera-
ture measurement is above the icing threshold temper-
ature. The communication unit is configured to commu-
nicate with the processor, the memory unit, the alert mod-
ule, the input device, the output device, and the icing
threshold module. The controller is configured to sup-
press the icing conditions alert if the temperature meas-
urement is above the icing threshold temperature.
[0064] The controller of the preceding paragraph can
optionally include, additionally and/or alternatively, any
one or more of the following features, configurations,
and/or additional components:
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A controller for an ice detection system of an aircraft in-
cludes a processor, a memory unit, an alert module, an
input device, an output device, an icing threshold module,
and a communication unit. The alert module is configured
to receive an ice accretion signal from an ice sensor of
an ice detector. The alert module is further configured to
generate an icing conditions alert upon receiving the ice
accretion signal. The input device is configured to select
an icing threshold temperature. The output device is con-
figured to display the icing conditions alert. The icing
threshold module is configured to receive a temperature
measurement from a temperature sensor of the aircraft.
The icing threshold module is further configured to re-
ceive an ice accretion signal from an ice sensor of the
ice detector. The icing threshold module is further con-
figured to determine whether the temperature measure-
ment is above the icing threshold temperature. The com-
munication unit is configured to communicate with the
processor, the memory unit, the alert module, the input
device, the output device, and the icing threshold module.
The controller is configured to suppress the icing condi-
tions alert if the temperature measurement is above the
icing threshold temperature.
[0065] A further embodiment of the foregoing control-
ler, wherein the processor is configured to calculate the
icing threshold temperature.
[0066] A further embodiment of any of the foregoing
controllers, wherein the processor is configured to cal-
culate the icing threshold temperature using at least one
of an offset value of expected residual heat experienced
by the temperature sensor, a total air temperature expe-
rienced by the temperature sensor due to a kinetic energy
of airflow, and a tolerance of the temperature sensor.
[0067] A further embodiment of any of the foregoing
controllers, wherein the icing threshold module is further
configured to receive the icing threshold temperature
from the input device.
[0068] While the invention has been described with ref-
erence to an exemplary embodiment(s), it will be under-
stood by those skilled in the art that various changes may
be made and equivalents may be substituted for ele-
ments thereof without departing from the scope of the
invention. In addition, many modifications may be made
to adapt a particular situation or material to the teachings
of the invention without departing from the essential
scope thereof. Therefore, it is intended that the invention
not be limited to the particular embodiment(s) disclosed,
but that the invention will include all embodiments falling
within the scope of the appended claims.

Claims

1. An ice detection system for an aircraft, the ice de-
tection system comprising:

an ice detector (16) disposed in an external air-
craft surface, the ice detector comprising an ice

sensor (130);
a temperature sensor (126); and
a controller (102) comprising:
an icing threshold module (118) which is config-
ured to:

receive a temperature measurement from
the temperature sensor;
receive an ice accretion signal from the ice
sensor;
compare the temperature measurement to
an icing threshold temperature; and
determine whether the temperature meas-
urement is above the icing threshold tem-
perature;

wherein the controller is configured to suppress
an icing conditions alert if the temperature meas-
urement is above the icing threshold tempera-
ture.

2. The ice detection system of claim 1, wherein the ex-
ternal aircraft surface is an external wing surface
(20); and optionally wherein the external wing sur-
face (20) is a bottom external wing surface and the
ice detector extends downward and away from the
bottom external wing surface (22).

3. The ice detection system of claim 1, wherein the ex-
ternal aircraft surface is selected from the group
comprising: an external fuselage surface, an exter-
nal engine nacelle surface, and an internal engine
nacelle surface.

4. The ice detection system of any preceding claim,
wherein the ice detector (16) is a magnetostrictive
probe ice detector.

5. The ice detection system of any preceding claim,
wherein the icing threshold module (118) is further
configured to receive the icing threshold temperature
from an input device (120).

6. The ice detection system of any preceding claim,
wherein the temperature sensor (126) is a compo-
nent of the ice detector (16).

7. The ice detection system of any preceding claim,
wherein the ice detector (16) is a probe ice detector
further comprising a probe (24) extending away from
the external aircraft surface.

8. The ice detection system of claim 7, wherein the ice
detector (16) further comprises:

a mounting plate (28) adj acent to the external
aircraft surface, wherein the mounting plate se-
cures the ice detector (28) to the external aircraft
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surface;
a strut (26) from which the probe (24) extends
and which is situated between the probe and the
mounting plate; and
an oscillation circuit (128) situated within the ice
detector.

9. The ice detection system of claim 7 or 8, wherein the
external aircraft surface is a bottom external wing
surface (22) and the probe (24) extends downward
and away from the bottom external wing surface.

10. The ice detection system of any preceding claim,
wherein the controller (102) is a component of the
ice detector (16).

11. A method of verifying ice accretion signals from an
ice detector of an aircraft, the method comprising:

selecting, with an input device of a controller, an
icing threshold temperature;
communicating, with a communication unit of
the controller, the icing threshold temperature
to an icing threshold module of the controller;
receiving, with the communication unit, an ice
accretion signal from an ice sensor of the ice
detector and a temperature measurement from
a temperature sensor of the aircraft;
communicating, with the communication unit,
the ice accretion signal and the temperature
measurement to the icing threshold module;
comparing, with the icing threshold module, the
temperature measurement to the icing threshold
temperature;
determining, with the icing threshold module, if
the temperature measurement is above the icing
threshold temperature; and
suppressing, with the controller, an icing condi-
tions alert if the temperature measurement is
above the icing threshold temperature.

12. The method of claim 11, wherein selecting, with the
input device, the icing threshold temperature com-
prises calculating, with a processor of the controller,
the icing threshold temperature using at least one
of: an offset value of expected residual heat experi-
enced by the temperature sensor, a total air temper-
ature experienced by the temperature sensor due to
a kinetic energy of airflow, and a tolerance of the
temperature sensor.

13. The method of claim 11, wherein the icing threshold
value is selected by a user and entered into the input
device.

14. The method of claim 11, 12 or 13, wherein suppress-
ing the icing conditions alert comprises communicat-
ing, with the communication unit, to an alert module

of the controller that the temperature measurement
is above the icing threshold measurement and that
icing conditions are not present.

15. The method of any of claims 11 to 14, further com-
prising sending an icing conditions alert to an alert
module of the controller if the temperature measure-
ment is below the icing threshold measurement.
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